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http://dx.doi.org/10.1016/j.jfma.201Background/Purpose: To determine whether utilization of emergency medical service (EMS)
can increase use and expedite delivery of the thrombolytic therapy in acute ischemic stroke
patients.
Methods: We analyzed consecutive patients presenting to the emergency department (ED)
with an ischemic stroke within 72 hours of symptom onset from a prospective stroke registry.
Variables associated with early ED arrival (within 3 hours of stroke onset) and administration of
intravenous thrombolytic therapy were analyzed.
Results: From January 1, 2010 to July 31, 2011, there were 1081 patients (62.3% men, age
69.6  13 years) included in this study. Among them, 289 (26.7%) arrived in the ED within 3
hours, and 88 (8.1%) received thrombolytic therapy. Patients who arrived at the ED by EMS
(n Z 279, 25.8%) were independently associated with earlier ED arrival (adjusted odds
ratioZ 3.68, 95% confidence intervalZ 2.54e5.33), and higher chance of receiving thrombo-
lytic therapy (adjusted odds ratio Z 3.89, 95% confidence interval Z 1.86e8.17). Further-
more, utilization of EMS significantly decreased onset-to-needle time by 26 minutes in
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814 M.-J. Hsieh et al.Conclusion: Utilization of EMS can not only help acute ischemic stroke patients in early
presentation to ED, but also effectively facilitate thrombolytic therapy and shorten the
onset-to-needle time.
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It is estimated that 15 million people suffer from stroke,
resulting in 5.5 million deaths worldwide annually,1 and
significant disability-adjusted life-years lost.2,3 Intravenous
thrombolytic therapy has been proved to benefit patients
with acute ischemic stroke (IS) and recommended on cur-
rent guidelines of acute stroke management.4,5 However, it
can only be administered in patients whose stroke onset
within a very short time window of presentation,4e6 and
thus many patients are excluded from thrombolytic ther-
apy, mainly related to prehospital delay.7 In addition, it has
been shown that the sooner thrombolytic therapy is given
to stroke patients, the better the functional outcome.8e10
Thus, efforts are needed not only to increase the number
of stroke patients receiving thrombolytic therapy, but also
to shorten the time interval between stroke onset and
starting thrombolytic therapy (onset-to-needle time).
Several studies have shown that stroke patients utilizing
emergency medical services (EMS) can arrive in the emer-
gency department (ED) earlier than those who do not.11e16
Therefore, cooperation between EMS and hospitals may
shorten in-hospital management time in acute IS pa-
tients.17,18 However, whether utilization of EMS further
increases the chance that patients will arrive within the
therapeutic time window for thrombolytic administration
has not been determined. In this study, we investigated
whether IS patients who presented to the ED by EMS more
frequently arrived within 3 hours of stroke onset, were
more likely to receive thrombolytic therapy, and had
shorter onset-to-needle time than those did not use EMS.Methods
Study design and setting
This observational study is based on a prospective stroke
registry at the National Taiwan University Hospital (NTUH), a
tertiary medical center with 2450 beds in Taipei, Taiwan,
which started in 1995 to investigate the risk factors, clinical
course, prognosis and complications in different types of
acute strokes, i.e., IS, intracerebral hemorrhage (ICH), and
subarachnoid hemorrhage, transient ischemic attack (TIA),
and cerebral venous thrombosis. Patients who had a stroke
onset within 10 days of hospital admission or during hospi-
talization were enrolled in the registry.19,20 The Institutional
Review Board of NTUH approved the stroke registry and the
study. In this study, we analyzed data of IS patients from the
registrywho visited EDwithin 3 days of symptomonset during
the study period from January 1, 2010 to July 31, 2011. If the
same patient visited the ED more than once during the study
period, only the first visit was included in the analysis.There are about 300,000 residents living in the catchment
area of NTUH, which includes part of two cities: Taipei and
NewTaipei. EMS in the catchment area of NTUHwas provided
by the emergency medical technicians (EMTs) of the two
cities. Both EMS systems of two cities are mixed one-tier and
two-tier fire-based system.21 Basic life support teams are
responsible for providing EMS to most stroke patients. The
Cincinnati Prehospital Stroke Scale is used to identify stroke
patients by EMTs of the two cities. As part of the standard
protocol for patients with suspected stroke, EMTs check
blood sugar levels and query the time of symptom onset. In
NTUH, we followed the guidelines from the Taiwan Stroke
Society and the National Institute of Neurological Disorders
and Stroke criteria for patients treated within 3 hours of
stroke onset.5 For patients who were treated in the 3e4.5 h
time-window, we used the protocol of the European Coop-
erative Acute Stroke Study III.6
Methods and measurements
The data of NTUH stroke registry were collected by three
full-time study nurses. After the patient was diagnosed as
stroke or TIA according to the definition of stroke and TIA
developed by the World Health Organization,22 the patient
was invited to join the registry with written informed
consent. If the patient was unconscious, the next of kin
provided consent. Medical and other associated informa-
tion of the patient was gathered prospectively with the
recording form by both direct querying of patient and rel-
atives as well as medical record review. The recording form
of the NTUH stroke registry adopted that of Taiwan stroke
registry since 2006, which was well delineated in a previous
study.23 The medical information included demographics,
risk factors, comorbidities, years of education, scores of
National Institutes of Health Stroke Scale (NIHSS) on ED
arrival, onset time of stroke symptoms, place where stroke
occurred, ED arrival time, arrival route, symptoms and signs
of stroke, and the time of initiating thrombolytic therapy.
Our independent variable of interest was whether the pa-
tient arrived via EMS or other transportation.
The stroke symptoms and signs of patients were then
categorized into seven groups: (1) weakness of arm, leg, or
face; (2) numbness of arm, leg, or face; (3) verbal prob-
lems; (4) altered mental status; (5) headache; (6) visual
abnormalities; and (7) dizziness, including vertigo and
problems with balance or coordination. The classification of
stroke symptoms was modified from the stroke warning
signs suggested by the American Heart Association (AHA)
guidelines.4,24 Patients could have more than one symptom
category assigned to them. To validate the data of the
registry, we randomly sampled 10% of the data to check for
errors, and the error rate was only 1.7%. In order to know
the percentage of IS patients joining the stroke registry
Figure 1 The flowchart of study participants.
Utilization of EMS and thrombolytic therapy 815among all IS patients, we used the medical information
system in our hospital to determine the ED visiting times of
the IS patients during the study period. If a patient visited
the ED during the above period and had the first three ICD-9
codes of discharge diagnoses including 433.1, 434.1, 436,
and 437 (indicating IS), the admission medical records of
the patient were reviewed by a stroke specialist (J.S. Jeng)
in order to make sure that he/she was diagnosed as new
onset or recurrent IS with the stroke onset before ED arrival
within 3 days of symptoms onset.
Outcomes
The time intervals between symptom onset and ED arrival
(onset-to-ED time) of recruited patients were divided as a
dichotomous variable of 3 hours (early ED arrival) and >3
hours (late ED arrival). The onset timeof strokewas recorded
when the last time patients known to be symptom free ac-
cording to statement of the patients or their families.
In order to evaluate further the effect of utilization of
EMS on IS patients receiving thrombolytic therapy, subgroup
analysis for patients arriving at the ED within 3 hours after
symptoms onset was performed. Furthermore, for patients
receiving thrombolytic therapy, the geometric mean of the
onset-to-needle time was used as endpoint owing to the
skewed distribution of the time data. Onset-to-needle time
was defined as time interval between stroke onset time and
time of intravenous bolus of recombinant tissue plasmin-
ogen activator (rtPA).
Statistical analysis
The c2 test, Student t test, Wilcoxon rank-sum test, and lo-
gistic regression were used for univariate analyses of vari-
ables associated with early ED arrival and receiving
thrombolytic therapy. Variables with p-value <0.2 in above
univariate analyses were put into multivariate logistic ana-
lyses to determine the independent variables.We also tested
whether interaction occurred between variables. In sub-
group analysis using onset-to-needle time as the endpoint,
onset-to-needle time was treated as a continuous variable,
and log transformation was used to correct for skewness. A
linear regression model was used for each binary variable on
the natural logarithm of the onset-to-needle time and to
estimate the least-squares means of the mean onset-to-
needle times for both levels in each binary variable by back
transformation. To examine whether the association be-
tween utilization of EMS and onset-to-needle time was
mediated by other variables, we used multivariate linear
regression model to adjust possible confounders. Again, the
predictedmean onset-to-needle time was obtained by back-
transformation through the natural logarithm of the onset-
to-needle time into the geometric mean. SAS software
(Version 9.2, SAS Institute Inc., Cary, NC, USA) was used for
the statistical analysis. A two-tailed p-value <0.05 was
defined as statistically significant.
Results
During the study period, a total of 1764 patients with 1853
ED visits were collected in the registry. Patients wereexcluded if: they were diagnosed as ICH, subarachnoid
hemorrhage, TIA, or cerebral venous thrombosis (nZ 428);
onset-to-ED time was >72 hours (n Z 247); or had in-
hospital stroke (n Z 8), and thus 1081 patients were
included into analysis (Fig. 1). The mean age was 69.6
years, and 62.3% were men. Most patients (84.4%) suffered
from stroke at home. Upon arrival, patients had a median
NIHSS score of 5 (range, 0e38) and 88 (8.1%) patients
received thrombolytic therapy. The most common pre-
senting symptoms of the patients included weakness
(79.7%), verbal problems (62.6%), and numbness (55.5%). In
consideration of the arrival route to the hospital, 25.8%
arrived by EMS, 18.9% were referred from other hospitals
and outpatient clinics, 1.7% through the private ambu-
lance, and 53.7% came by themselves.
All the medical records of IS patients were reviewed to
confirm the quality and representability of patient capture
in our stroke registry. Between the study periods, there
were 1202 IS patients with 1278 ED visits within 3 days after
symptom onset and 298 (24.8%) patients visited ED by EMS
in NTUH. Therefore, our stroke registry has captured
around 90% of IS patients who were evaluated during the
study time frame and the percentages of patients arriving
at ED by EMS are similar between study population and all IS
patients presenting to our ED.
The univariate analysis showed that years of education,
diabetes mellitus, atrial fibrillation, congestive heart fail-
ure, place where stroke occurred, scores of NIHSS on ED
arrival, the presenting symptoms/signs, and arrival route
differed significantly between early and late ED arrival
(Table 1). The multivariate logistic regression analysis
revealed that arrival at ED by EMS [odds ratio (OR)Z 3.68,
95% confidence interval (CI) Z 2.54e5.33], atrial fibrilla-
tion, and altered mental status were significantly associ-
ated with early ED arrival; patients with diabetes mellitus
or higher scores of NIHSS on ED arrival arrived at ED later
(Table 2). There was interaction between stroke onset
outside the home and arrival at ED by EMS (p Z 0.031). In
the subgroups of patients with stroke onset outside the
Table 1 Comparison between early and late emergency department arrival of acute ischemic stroke patients (n Z 1081).
Early ED arrival (n Z 289) Late ED arrival (n Z 792) p
Age (y, mean  SD) 70.7  14.1 69.2  12.8 0.109
Male 174 (60.2%) 500 (63.1%) 0.380
Years of education
No formal education 36 (12.5%) 124 (15.7%) 0.031
0e6 y 64 (22.1%) 200 (25.3%)
6e12 y 96 (33.2%) 223 (28.2%)
>12 y 86 (29.8%) 170 (21.5%)
Unknown 7 (2.4%) 75 (9.5%)
Risk factors
Diabetes mellitus 80 (27.7%) 299 (37.8%) 0.002
Hypertension 216 (74.7%) 607 (76.6%) 0.516
Previous stroke 90 (31.1%) 236 (29.8%) 0.670
Atrial fibrillation 112 (38.8%) 159 (20.1%) <0.001
Congestive heart failure 27 (9.3%) 37 (4.7%) 0.004
Cardiac disease 41 (14.2%) 86 (10.9%) 0.133
Hypercholesterolemia 88 (30.4%) 238 (30.1%) 0.899
Smoking history 93 (28.7%) 220 (27.8%) 0.158
Place where stroke occurred
Home 237 (82.0%) 675 (85.2%) 0.026
Nursing home 3 (1.0%) 4 (0.5%)
Workplace 11 (3.8%) 18 (2.3%)
Other place except home and workplace 35 (12.1%) 55 (6.9%)
Unknown 3 (1.0%) 40 (5.1%)
NIHSS on ED arrival, median (IQR) 6 (3e15) 4 (2e9) 0.001
Presenting symptoms/signs
Weakness 243 (84.1%) 619 (78.2%) 0.032
Numbness 180 (62.3%) 420 (53.0%) 0.007
Altered mental status 88 (30.4%) 127 (16.0%) <0.001
Verbal problems 188 (65.1%) 489 (61.7%) 0.320
Headache 11 (3.8%) 48 (6.1%) 0.149
Visual abnormalities 98 (33.9%) 190 (24.0%) 0.001
Dizziness/vertigo/imbalance/incoordination 63 (21.8%) 228 (28.8%) 0.022
Arrival route
Emergency medical services 147 (50.9%) 132 (16.7%) <0.001
By patient self 125 (43.3%) 455 (57.4%)
Transfer from other hospital 13 (4.5%) 141 (17.8%)
Transfer from outpatient department 3 (1.0%) 47 (5.9%)
Private ambulance 1 (0.3%) 17 (2.1%)
Values are number (percentage) except age and NIHSS.
EDZ emergency department; IQRZ interquartile range; NIHSSZ National Institutes of Health Stroke Scale; SDZ standard deviation.
816 M.-J. Hsieh et al.home and those at home, the ORs of arrival at ED by EMS in
two subgroups were 17.58 (95% CI, 5.10e60.59) and 3.62
(95% CI, 2.49e5.27; Supplementary Tables 1 and 2, online
only).Table 2 Multivariate analysis of variables associated with early
b
Arrival route (EMS vs. non-EMS) 1.3020
Diabetes mellitus 0.5017
Atrial fibrillation 0.5549
NIHSS on ED arrival 0.0327
Altered mental status 0.5650
Place where stroke occurred (outside vs. home) 1.1313
ED Z emergency department; EMS Z emergency medical service; NIIn the subgroup analysis, there were 289 (26.7%) patients
arriving at ED within 3 hours of onset and 147 (50.87%)
patients were transported by EMS. Among patients
receiving thrombolytic therapy (n Z 88), 67 (76.14%)emergency department arrival.
Odds ratio 95% confidence interval p
3.68 2.54e5.33 <0.001
0.61 0.43e0.85 0.004
1.74 1.19e2.55 0.004
0.97 0.94e1.00 0.050
1.76 1.10e2.82 0.019
3.10 1.11e8.66 0.031
HSS Z National Institutes of Health Stroke Scale.
Table 3 Variables associated with thrombolytic therapy
in ischemic patients visiting emergency department within
3 hours of stroke (n Z 289).
Odds
ratio
95% confidence
interval
p
Univariate analysis
Age (y) 1.00 0.98e1.02 0.808
Sex (male
vs. female)
0.82 0.49e1.36 0.436
Education
(6 y vs. < 6 y)
1.09 0.64e1.85 0.746
Previous stroke 0.97 0.56e1.67 0.911
Atrial fibrillation 2.09 1.26e3.49 0.005
Congestive heart
failure
1.16 0.50e2.69 0.733
Diabetes mellitus 1.05 0.60e1.84 0.854
Hypertension 1.33 0.74e2.42 0.343
Smoking history 0.84 0.49e1.45 0.526
Hypercholesterolemia 0.87 0.50e1.51 0.618
Place where stroke
occurred (outside
vs. home)
1.54 0.81e2.92 0.184
Arrival route
(EMS vs. non-EMS)
4.83 2.74e8.50 <0.001
NIHSS on ED arrival 1.09 1.06e1.13 <0.001
Onset to ED time 0.98 0.98e0.99 <0.001
Multivariate analysis
Arrival route
(EMS vs. non-EMS)
3.89 1.86e8.17 <0.001
Place where stroke
occurred (outside
vs. home)
3.79 1.20e12.04 0.024
NIHSS on ED arrival 1.05 1.01e1.09 0.008
Onset-to-ED time 0.99 0.98e1.00 0.006
Place where stroke
occurred (outside
vs. home)
0.17 0.04e0.72 0.016
ED Z emergency department; EMS Z emergency medical ser-
vice; NIHSS Z National Institutes of Health Stroke Scale.
Table 4 Multivariate analysis of factors related to onset
to needle time (n Z 88).
Mean (min) 95% confidence
interval (min)
p
Age
71 y 108.2 93.1e125.6 0.195
>71 y 119.2 102.7e138.4
Sex
Male 113.6 99.1e130.2 0.999
Female 113.5 96.7e133.3
Congestive heart failure
Yes 106.1 84.0e134.1 0.258
No 121.5 111.7e132.2
Arrival route
EMS 101.3 89.7e114.4 0.011
Non-EMS 127.3 105.7e153.2
NIHSS on ED arrival
14 115.5 99.4e134.2 0.643
>14 111.6 96.3e129.4
ED Z emergency department; EMS Z emergency medical ser-
vice; NIHSS Z National Institutes of Health Stroke Scale.
Utilization of EMS and thrombolytic therapy 817patients used EMS to hospitals. Patients who had higher
likelihood of receiving thrombolytic therapy were associ-
ated with arrival at ED by EMS (OR Z 3.89, 95%
CIZ 1.86e8.17), stroke onset outside the home, and higher
NIHSS. Patients with longer onset-to-ED time were less
likely to receive thrombolytic therapy (Table 3). Further-
more, patients who arrived at ED by EMS had a shorter
onset-to-needle time than those without and ED arrival by
EMS decreased onset-to-needle time by 26 minutes
(101.3 minutes vs. 127.3 minutes, p Z 0.011; Table 4).
However, the difference of door-to-needle time (from ED
arrival to intravenous bolus of rtPA) between patients
arriving at ED by EMS and not by EMS was not significant.
Discussion
Early recognition of acute stroke and early transfer to the
nearest appropriate hospital are the two crucial factors inacute stroke management. Initiation of EMS after the onset
of stroke has been regarded as the first chain of stroke sur-
vival in the AHA guidelines for the Early Management of
Adults with Ischemic Stroke. The advantage of EMS activa-
tion has been reported in both prehospital (earlier arrival)
and in-hospital settings (earlier evaluation) in several stud-
ies.11e16 However, whether the utility of EMS refers to a
higher chance or better quality of thrombolytic therapy in
acute IS patients have not been well investigated.
In our study, we first confirmed previous study results
that IS patients who utilized EMS services were more likely
to arrive in ED within 3 hours after stroke onset. Impor-
tantly, further analysis demonstrated that utilization of
EMS not only increased the possibility to receive thrombo-
lytic therapy among patients arriving at ED within 3 hours of
stroke, but also effectively shortened the mean onset-to-
needle time in patients receiving thrombolytic therapy. In
consideration of a large portion of patients who were
excluded from thrombolytic therapy simply due to arrival at
ED beyond the treatment window,7 our data highly
strengthen the importance of EMS activation in acute stroke
management.
There are several possible reasons for the efficiency of
EMS in early delivery of acute stroke patients in our study.
First, patients or their companions who use the EMS may
have a greater sense of stroke urgency than who did not
use. Second, a well-trained EMS system can reduce the
prehospital delay. When patients activate the EMS imme-
diately for suspicious acute strokes, the EMTs would iden-
tify stroke patients through the prehospital stroke scale,
then send the patients to the nearest appropriate hospital
with prehospital notification. In addition, EMS personnel
would alert the ED staff to the arrival of a patient with
possible diagnosis of stroke within 3 hours and thus ED staff
would pay more attention to identifying whether the pa-
tient was eligible for thrombolytic therapy. This might be
one possible reason why patients delivered to ED by EMS
818 M.-J. Hsieh et al.had a better chance of receiving thrombolytic therapy. In
our study, patients using EMS did not shorten the door-to-
needle time significantly when compared with those
without using EMS. One possible reason might be that pa-
tients delivered by EMS were not always accompanied by
their families, especially if the stroke occurred at work or
by the roadside, and thus medical personnel had to contact
and wait for their families to get informed consent for
thrombolytic therapy.
The onset-to-needle time has been found to be associ-
ated not only with the functional outcome of patients with
IS but also with the incidence of the symptomatic ICH and
in-hospital mortality after thrombolytic therapy.8e10,25 One
large meta-analysis showed that, compared with patients
receiving thrombolytic therapy at 180e270 minutes from
stroke onset to treatment, patients receiving therapy
within 90 minutes had nearly twice the odds of achieving
independent functional outcomes.9 In one study including
25,504 IS patients treated with rtPA, every 15-minute
reduction in door-to-needle time was associated with 5%
lower odds of mortality.10 Therefore, our study strongly
support the necessary of EMS activation in acute stroke,
especially in consideration of the variable range of between
one-fourth and two-thirds of acute stroke patients without
using EMS to hospital in different areas.
Our study also indicates a huge opportunity for public
health awareness. Only one-fourth of IS patients utilized
EMS in our study. Furthermore, the proportion of patients
arriving in the ED early in greater Taipei has remained un-
changed over the last decade.26 In our study, 26.7% patients
arrived at ED within 3 hours after stroke onset compared
with 27.4% in 1997.26 These percentages are lower
compared with other studies in Canada, Ireland, Italy, and
Japan.7,16,27,28 More effective education programs on
stroke awareness and on EMS utilization for high risk pa-
tients and their close families or friends should be devel-
oped.29 In addition, the information about accredited
stroke centers should be spread to the public and the
method to identify such hospitals should become part of
education program of stroke because many patients arrive
at the ED by themselves.
Our study had several limitations. First, it was con-
ducted in a medical center situated in a metropolitan city
and the results might not be extrapolated to rural EMS
systems, as transportation time was not a collected vari-
able. More studies are needed to confirm the results among
other settings. Second, the study did not evaluate patients’
knowledge and awareness about stroke and did not know
the time when the patients decided to seek medical help
and the reason why they chose different transportation
modes and it might affect onset-to-ED time of patients. In
addition, the study did not collect the addresses where
stroke occurred, and this might also cause some bias.
During our study period, the AHA Guidelines suggested that
the therapeutic window of thrombolytic therapy may be
extended from 3 hours to 4.5 hours.4 Importantly, the as-
sociations between ED arrival by EMS and receiving
thrombolytic therapy were significant in both patients
groups with ED arrival within 3 hours of onset and those
within 4.5 hours of onset (Supplementary Tables 3 and 4,
online only). The extended therapeutic window did not
change our results.In conclusion, patients with IS visiting ED by EMS not only
arrived at ED earlier but also were more likely to receive
thrombolytic therapy. EMS utilization can shorten onset-to-
needle time, and thus may improve the functional outcome
of stroke patients. The message that the EMS should be
called immediately if the stroke is suspected needs to be
spread to the public, especially to those with high stroke
risk and their close families or friends.Acknowledgments
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